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Abstract: Background: Due to advances in the treatment of pediatric brain tumors (PBT), an increasing
number of patients are experiencing the transition from the pediatric to the adult health care system.
This requires efficient transitional models. Methods: We systematically reviewed the literature
regarding PBT concerning different transitional models and aspects of the transitional period. For this
purpose, PubMed, Medline, and Embase databases were searched systematically through January
2022. Results: We reviewed a total of 304 studies, of which 15 were ultimately included. We identified
five transition models described within the literature, while the most frequently mentioned ones
were the “adult caregiver model” (45.5%), “joint caregiver model” (45.5%), “continued caregiver
model” (27.3%), and the “specialized clinic model” (27.3%). During the transition, the most frequent
challenges mentioned by the patients were the lack of knowledge about the disease by the adult health
care professionals (62.5%) and the difficulty of establishing a new relationship with the new physician,
environment, or hospital (37.5%). Conclusions: An efficient transitional model is mandatory for
patients with PBT. Continuity in the treatment and care of the patient and their family is essential.
For this purpose, in patients with PBT, the “continued caregiver model”, and for NF1 and TSC
patients, the “specialized clinic model” seems optimal to offer continuity of care. If such models are
unavailable, efficient communication with patients, families, and specialists in a multidisciplinary
network is even more critical.

Keywords: pediatric brain tumor; neurofibromatosis type 1; tuberous sclerosis complex; transitional
care; pediatric neurosurgery; pediatric neurology

1. Introduction

Primary central nervous system (CNS) tumors are the second most common malig-
nancy in the pediatric population [1]. Several advances and innovations in the treatment of
pediatric brain tumors (PBT) have fortunately significantly increased the survival rate of
these patients in recent decades [2].

However, increased survival also presents new challenges, such as transitioning from
pediatric to adult health care systems. In addition, since long-term PBT survivors often
suffer from multiple physical, cognitive, and neuropsychological sequelae of treatment,
continuous health care is essential for these patients to reduce emotional stress, morbidity,
and mortality in the long term [3–6]. In addition, PBT patients, at times, suffer from tumor-
predisposing syndromes such as neurofibromatosis type 1 (NF1) and tuberous sclerosis
complex (TSC), carrying a significant burden of chronic disease, aggravating treatment,
and reducing the quality of life of these children.

Effective and efficient transition programs are needed to address these needs and ease
the care of PBT patients and their families [7]. This review aims to provide a systematic
overview of the existing literature on different transition models and the challenges of this
transitional process in PBT patients.
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2. Materials and Methods

The systematic literature search was carried out following the PRISMA Guidelines.
We used a search term with the keywords “pediatrics, child, adolescent”, “brain tumor,
CNS tumor, tuberous sclerosis, neurofibromatosis”, and “transition, transitional care” in the
Pubmed/Medline and Embase databases with restrictions to English language, case series,
case reports, clinical trials, controlled clinical trials, meta-analyses, randomized controlled
trials, reviews, and systematic reviews. The detailed search term is provided in Supple-
mentary Figure S1. We included all articles providing information on managing patients
with PBT, including patients suffering from tumor-associated diseases, specifically TSC and
NF1 during the transitional period. Two authors (F.E. and L.G.) independently assessed all
results for eligibility. Where consensus opinion could not be reached, a third researcher (J.S.)
decided whether to include the study or not. Studies that did not report information on
transitional care in patients with PBT were excluded. The primary outcome measure was
the different transitional model types described within the literature. Secondary outcome
measures were difficulties and challenges occurring during the transitional period, the
recommended age for transition, and described follow-up regimens for PBT patients when
reaching adulthood.

In the analysis of the included reports, we named and summarized the different tran-
sition models described within the literature. Further, we summarized the most frequently
described (by the care providers and the patients/caregivers) difficulties and challenges
during the transition period. We summarized the recommended age for transition and
follow-up time. Thereafter, the same variables were described for each group of patients
(PBT, NF1, TSC), while the suggested follow-up diagnostics, based on the included reports,
are described as well. The data presented is descriptive since most reports included are
descriptive case studies or surveys.

3. Results

The systematic literature search yielded 304 results. After excluding 16 duplicates, we
reviewed 288 articles and excluded 269 based on their title or abstract. Of the 19 full texts
reviewed, four were excluded (lack of information on the transition period in two and
no full text in two), whereon 15 studies were included in this systematic review [8–22]
(Figure 1). The included studies consisted of eight reviews [11,12,15–19,21], four inter-
views/surveys [8,9,20,22], and three case series [10,13,14]. Eight studies discussed PBT
patients [10,13–16,18–20], three emphasized on NF1 patients [12,17,22], and four on TSC
patients [8,9,11,21].
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3.1. Transition Models

Of the 15 studies included, 11 (73.3%) described different models for the transition
period [8–10,12,13,15–17,20–22]. Overall, five models for the transition were described
(Table 1):

• The “adult caregiver model”.
• The “shared caregiver model”.
• The “joint caregiver model”.
• The “continued caregiver model”.
• The “specialized clinic model”.

Table 1. Overview of different transitional models and their advantages and disadvantages.

Models Description Advantages Disadvantages Mentioned in (%) Subcategory (n)

Adult
caregiver
model

Transition from
multidisci-
plinary
pediatric care
to an adult
primary care
provider

• Everything is coordinated
and organized by a
primary care provider. This
gives the care provider a
good overview and
reduces the risk of
information being lost. (A)

• Lack of knowledge about
the specific disease from
the adult care provider. (A)

5/11 studies
(45.5%)
[8,9,15,16,21]

PBT (2)
TSC (3)

Shared
caregiver
model

Shared care by
two or more
providers of
different
specialties (e.g.,
GP and cancer
center)

• Patient-focused long-term
follow-up [15]

• 88% patient satisfaction
[15]

• Reduced resources
available at each visit [15]

2/11 studies
(18.2%) [15,16] PBT (2)

Joint
caregiver
model

Joint
consultations
with the
previous and
future
physician for a
certain period
during the
transition
period

• Opportunity to introduce
the new adult specialist
[10,12]

• Minimize the loss to
follow-up [9]

• A pediatric physician is
available to support and
educate the adult team [21]

• Requires time from both
parties [21]

• High administrative effort
[21]

5/11 studies
(45.5%)
[9,10,12,16,21]

PBT (2)
NF1 (1)
TSC (2)

Continued
caregiver
model

Continued
follow-up by
the pediatric
specialist team
(e.g., pediatric
neurology or
neurooncology
team)

• Continuity in treatment by
the same caregiver
minimizes the risk of
information loss (A)

• High comfort for the
patient, as there is no
change in routine (A)

• Adult patients within the
care of pediatricians (A)

• Care by multiple providers
such as adult family
doctors and
pediatricians (A)

• In the case of a recurrence,
a pathway for surgical
management would need
to be defined [15]

3/11 studies
(27.3%) [13,15,20] PBT (3)

Specialized
clinic
model

Patients are
followed up
and treated
lifelong in a
specialized
clinic (e.g., neu-
rocutaneous
disease clinic)
treating
pediatric and
adult patients

• All physicians have access
to both the pediatric and
adult electronic medical
records [21]

• The same specialists, who
have developed expertise
in this condition, often
follow the patients at all
ages [21]

• Continuity of care [21]

• Limited to a few locations.
Not available in rural areas.
(A)

• Requires extensive human
and financial resources (A)

3/11 studies
(27.3%) [17,21,22]

TSC (1)
NF1 (2)

Abbreviations: GP: general practitioner; PBT: pediatric brain tumor; NF1: neurofibromatosis type 1; TSC: tuberous
sclerosis complex; (A): authors’ comments.
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The characteristics of the different transition models are presented in Table 1. Of the
11 studies discussing transition models, five (45.5%) studies mentioned the “adult caregiver
model”, two (18.2%) the “shared caregiver model”, five (45.5%) the “joint caregiver model”,
three (27.3%) the “continued caregiver model”, and three (27.3%) the “specialized clinic
model” (Table 1).

3.2. Difficulties and Challenges from the Patient’s Perspective during the Transition Period,
Transition Age, Follow-Up Duration

Of the 15 included studies, eight (53%) describe difficulties and challenges from
the patient’s perspective during the transition period [8,9,11,13,14,16,20,22]. The most
frequent difficulty, the lack of knowledge of the adult health care professionals about
the disease, was mentioned in five reports (62.5%) [8,9,11,13,16]. In three reports (37.5%),
the difficulty of establishing a new relationship with the new physician, environment, or
hospital was reported [8,16,20]. In two studies (25%), interruption of health care and the
lack of communication about the upcoming transition were mentioned as problematic
aspects (Table 2) [9,20,22]. Five studies (33%) discuss the recommended transition age,
ranging from 14 to 21 years of age (Table 2) [8,10,12,21,22]. In two studies [10,22], the
transition was undertaken at the age of 18, while in two studies between the ages of
16 and 21 years [8,12], and one study at the age of 14 [21]. Three studies recommend
lifelong follow-up [12,15,16]. Two studies reported that patients with PBT had follow-ups
for 11.2 and 14.8 years, respectively [13,14] (Table 2).

3.3. Pediatric Brain Tumor Patients

All eight studies, including PBT patients, describe a need for a transitional care model
to accompany these patients into adulthood [10,13–16,18–20]. Of the total eight studies
that addressed PBT, three (37.5%) mentioned the “continued caregiver model”, two (25%)
mentioned the “shared caregiver model”, the “joint caregiver model”, and the “adult
caregiver model”, respectively (Table 1). During the transitional period, the lack of specific
knowledge of the adult health care professionals about the specific disease was described
by 25% of the reports as the main problem in transition, while the development of new
relationships with the adult professionals was described as the biggest hurdle in 25% of
the reports (Table 2) [13,16,20]. The transition age is recommended by one study starting
at the age of 18 years [10]. Two studies (25%) recommended lifetime follow-up [15,16].
Annual clinical follow-up was recommended by two studies (25%), and one study (12.5%)
additionally recommended annual neuropsychological assessment (Table 2) [18–20].

Four (50%) reports described the medical problems faced by pediatric brain tumor
patients [13,14,16,19]. All of them mentioned endocrinological, as well as neurocognitive
late effects. Three out of four studies (75%) described secondary malignancies induced
by radiation or chemotherapy and neurologic deficits [13,16,19]. Furthermore, psychoso-
cial and cardiovascular disorders and hydrocephalus were described as possible medical
problems during the follow-up [16,19].

3.4. Neurofibromatosis Type 1 Patients

All three studies focusing on NF1 patients reported on transition models, of which two
(66%) mentioned the “specialized clinic model” and one (33%) the “joint caregiver model”.
One study (33%) discussed the challenges during the transition period, highlighting the
lack of communication regarding the upcoming transition, the lack of organization of subse-
quent follow-up visits, and the lack of a referral network to NF1-specialized physicians [22].
One study recommends a transition age between 16 and 20 years, and another study at
18 years [12,22]. Lifelong follow-up is recommended by one report [12]. The included
studies looking at NF1 patients emphasize the importance of multidisciplinary follow-
up [12,17,22]. According to two reports (66%), an annual clinical check-up, including height
and weight measurement, skin examination, neurological examination, and blood pressure
control, is recommended at follow-up [12,17] (Table 2).
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Table 2. Overview of the problems, suggested age of transition, follow-up duration, and follow-up
diagnostics based on the included studies.

PBT Patients NF1 Patients TSC Patients

Problems during
transition

• Separation difficulties
between the pediatric health
care professional and the
patient [16]

• Transfer to adult health care
often resulted in
discontinuation of care [20]

• Lack of communication
about the upcoming
transition to adult health
care [20]

• Development of new
relationships with adult
professionals [16,20]

• Insufficient information
about the disease and
treatment [20]

• Lack of specific knowledge
about the disease by the
adult health care
professionals [13,16]

• Unresolved medical issues
at the beginning of the
transitional process [14]

• Lack of communication
about the upcoming
transition to adult health
care [22]

• Lack of organization of
regular follow-up [22]

• Lack of referral network to
NF1-specialized physicians
[22]

• Lack of knowledge about the
patients’ medical history [8]

• Lack of specific knowledge
about the disease of the
adult health care
professionals [8,9,11]

• Health care often resulted in
discontinuation of care [9]

• Loss of connection with the
pediatrician who previously
provided treatment and
follow-up [9]

• Development of new
relationships with adult
professionals [8]

Suggested age of
transition

• From the age of 18 years
(mean 19.6 y) [10]

• 16–20 years [12]
• 18 years [22]

• 14 years [21]
• 16.5–21 years [8]

Follow-up
duration

• Mean 11.2 years [13]
• Mean 14.8 years [14]
• Lifelong [15,16]

• Lifelong [12] N/A

Follow-up
diagnostics *

• Yearly clinical follow-up for
reassurance [19,20]

• Yearly neuropsychological
assessments [18]

• Yearly clinical follow-up
(including skin and
neurologic exam and BP,
height, and weight) [12,17]

• Ophthalmologic exam every
1–2 years [17]

• Single whole-body MRI at
transition [17]

• Women: extra breast cancer
screening [17]

• Biannual or yearly
neurologic follow-ups
depending on control of
epilepsy [8,21]

• Annually screening for
TAND [8,9]

• Every 3–5 years ECG to
monitor for conduction
defects [21]

• Annually ophthalmologic
evaluation [21]

• Every 1–3 years, renal
function assessment and
imaging [21]

• Annual blood pressure
assessment [21]

* The follow-up diagnostics mentioned are based on the included studies and do not represent the comprehensive
guidelines for follow-up. Abbreviations: PBT: pediatric brain tumor; NF1: neurofibromatosis type 1; TSC:
tuberous sclerosis complex; TAND: tuberous sclerosis complex-associated neuropsychiatric disorders; ECG:
electrocardiogram; BP: blood pressure; N/A: not applicable.

3.5. Tuberous Sclerosis Complex Patients

All four studies focused on transitional management for TSC patients emphasized
the importance of efficient transitional models [8,9,11,21]. Three of the four studies (75%)
described the “adult caregiver model” [8,9,21]. Two (50%) studies described the “joint care-
giver model” and one (25%) the “specialized clinic model” [9,21]. During the transitional
period, the most frequently reported problem was a lack of knowledge about the disease by
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the adult health care professionals (75%) (Table 2) [8,9,11]. One study suggests a transition
age of 16.5–21 years, or as early as 14 years [8,21]. None of the included studies reported
the recommended follow-up duration. Overall, 75% of the studies recommended follow-up
diagnostics regarding TSC. Two studies (50%) recommended annual or biannual neurologi-
cal follow-up to control epilepsy and annual follow-up of neuropsychiatric status [8,9,21]
(Table 2). In addition, one study suggests regular multidisciplinary consultations with MRI
of the skull, EEG, renal function tests, and ultrasound imaging [8].

4. Discussion

Overall, the literature on transitional care in pediatric brain tumor patients is scarce.
However, our systematic review showed that transitional care is of great importance for the
patients’ and their families’ well-being and, thus, might also improve their quality of life.
Therefore, a large population could potentially benefit from well-organized transitional
programs. Hence, efficient models for this process are urgently needed.

Our systematic review provides an overview of the different transition models and
how often they have been described. When summarizing the available literature, five
different transition models are described. The two most frequently mentioned (45.5% each)
models are the “adult caregiver model” and the “joint caregiver model”. Furthermore,
we could show that the lack of expertise of the adult health care professionals in the
respective (pediatric) disease was by far the difficulty most frequently mentioned by
the patients and their families during the transitional period. The follow-up duration
remains controversial, while recommendations based on the available literature cannot be
made. Which examinations should be performed during follow-up and at what frequency
depends mainly on the underlying lesion and/or disease (Table 2) and are described very
heterogeneously amongst the different reports.

4.1. Transition Models

The most common transition models mentioned in the literature are the “adult care-
giver model”, where a transfer from multidisciplinary pediatric health care to an adult
primary care provider takes place, and the “joint caregiver model”, where temporary
consultations are held with pediatric as well as adult physicians, such as oncologists or
neurosurgeons, to facilitate a smooth transfer [8–10,12,15,16,21]. The “adult caregiver
model” seems the most “natural” way of managing the transition period, since once a child
or teenager becomes an adult, they are cared for by adult caregivers. However, as seen
by the patients’ and families’ responses, this often leads to suboptimal treatment since a
pediatric disease (such as PBT, NF1, TSC) is carried on to adulthood and does not become a
disease of adult patients. Therefore, it is not surprising that the most common difficulty
described by the patients was the lack of expertise and knowledge of the adult health care
professionals. Therefore, one of the other four presented models seems beneficial for the
transition of these patients since, in all, a pediatric caregiver with more knowledge and
expertise in children’s diseases is at least involved in the patients’ future care. The decision
regarding which of these four models (“joint caregiver”, “shared caregiver”, “continuous
caregiver”, or “specialized clinics”) depends mainly on the given infrastructure of each
institute and country. An example of the “joint caregiver model” is presented in the case
series by Roux et al., describing 14 patients with pediatric brain tumors [10]. They used
a “2-step process” to transfer from pediatric to adult health care, in which first the adult
neurosurgeon was informed of the transfer by the pediatric neurosurgeon by referral letters
and transfer of medical records. Subsequently, combined consultations with the pediatric
and adult neurosurgeons were followed by consultations with the adult neurosurgeon
only, who finally took over the treatment. This approach can surely provide a smoother
transition from childhood to adulthood; however, a certain lack of knowledge remains once
the pediatric neurosurgeon is no longer involved in the care. This can be overcome because
the adult neurosurgeon is familiar with the primary treating pediatric neurosurgeon and
can contact them or the team of pediatric caregivers at any time. An additional drawback
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of such a model is the joint presence of both disciplines leading to more financial and
administrative effort and is more time-consuming for both physicians.

The “shared caregiver model” was only mentioned in two studies [15,16]. Since
different disciplines share treatment in this model, there is some similarity to the “joint
caregiver model”. Shared care allows for patient-focused long-term care, and in the study
by Ellenbogen et al., high (88%) patient satisfaction was reported concerning this model [15].

The “continued caregiver model”, in which the attending physician, e.g., a pediatric
neurosurgeon or neurologist, continues treatment into adulthood, was mentioned by three
studies [13,15,20]. The clear advantages of this model are that, in principle, no transfer takes
place, which provides full continuity in care, and the patient and their relatives are not
stressed by a change in doctor or hospital. In addition, the risk of loss of information due to
such a change is minimized. However, this model requires the appropriate infrastructure,
which would involve a pediatric neurosurgeon or neurologist, who works part-time, or is
involved within the counterpart adult department. Moreover, since an adult patient cannot
be treated at a children’s hospital, the pediatric specialist would need a good network of
adult specialists to treat complications or disease manifestation during adulthood.

Specifically, for NF1 and TSC, a total of three studies in the literature mentioned the
“specialized clinic model”. Within this setting, patients receive lifelong care in a clinic
specialized for these specific diseases [17,21,22]. This model of care is ideal, especially for
such complex and rare diseases, such as NF1 and TSC, and PBT, which are often treated
very differently than their adult counterparts [23,24]. The care and treatment of patients
with these diseases requires a lot of experience and is ideally centralized in one place and
managed by a multidisciplinary team of experts throughout adulthood. However, highly
specialized centers are severely limited, as their establishment is only possible in tertiary
care facilities and is usually associated with a significant financial investment. Therefore,
for many patients and in many countries, such a model could be hard to establish and
make accessible for patients.

Especially in the transitional models, where there is a change in the treating physician
or several physicians are involved in the treatment simultaneously, the presence of good
summary documentation can be essential for a smooth transition. Detailed documentation
can prevent ambiguities and reduce the likelihood of misunderstandings. In addition,
internal guidelines in the sense of standard operating procedures on how the transitional
process should proceed could be supportive for the treating physicians and improve
patient transition care. The above classification into five transitional models is based on
the included literature and may reflect a simplification, as certain models can be used
overlapping in the form of “hybrid models”.

4.2. Our Institution’s Transition Model

The children’s hospital in our center is directly adjacent to the adult hospital. Three
fellowship-trained pediatric neurosurgeons are taking care of all pediatric cases. In addition,
they are also affiliated in the adult neurosurgical department and are therefore familiar
with the infrastructure of the children’s and the adult hospital. Therefore, at our institution
we follow the “continuous caregiver model”. This offers the advantage that the pediatric
neurosurgeons continue following PBT survivors during adulthood within the scope of
their “adult” clinics. This leads to an ideal and continuous follow-up and care of these
patients. The patients continue treatment and are, if needed, operated on in the future by
the same neurosurgeon they and their family have known since childhood. Further, in case
of recurrence, the patients’ case is still being discussed within the scope of pediatric tumor
boards since the pediatric neurosurgeons have access to and are very much involved in
these weekly discussions. This is of utmost importance since PBT, which recur in adulthood,
still should be considered in most cases as PBTs and should be discussed from a pediatric
oncological point of view rather than from an adult oncological point of view. Colleagues
at McMaster Children’s Hospital (Hamilton, Canada) describe a similar model, where
pediatric neuro-oncologists have primary responsibility, even in adulthood. If there is a
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recurrence, the patient is operated on by pediatric or adult neurosurgeons and then, after
recovery, is followed up again by the pediatric neuro-oncologists [15].

NF1 or TSC patients are treated in our center according to the “specialized center
model”. At our children’s hospital, these patients (children and adults) are cared for at the
“center of neurocutaneous diseases”, where a multidisciplinary team of pediatric neurolo-
gists, pediatric neurosurgeons, neuro-ophthalmologists, pediatric neuroradiologists, and
geneticists are involved in the care. Naturally, such a setup requires a network of specialists
and, at times, good collaboration with the adult caregivers since invasive treatments are
still undertaken in the adult hospital. Nevertheless, based on our experience and the results
of this systematic review, the continuity and consistency of such a model are highly valued
by the patients and their family members [20].

4.3. Difficulties and Challenges during Transition

Various problems can occur during the transitional period. The most common point
mentioned by the patients and their families in the literature is that the adult health care
professional lacks knowledge regarding the specific pediatric disease [8,9,11,13,16]. The
second most common problem reported by patients and relatives was difficulty establishing
a new relationship with the new physician [8,16,20]. Other problematic issues were that
regular follow-up was often not scheduled after transition [22], insufficient information
and communication about the disease was provided [20], and that often, there were still
unresolved medical issues during the transition [14]. Based on these reports, it seems that
patients and their families would prefer and benefit most from a “specialized clinic model”
or a “continued caregiver model”.

4.4. Transition Age

Overall, data regarding optimal transition age in neurosurgery are very scarce. In
the literature, the recommended age of transition for NF1 is between 16 and 20 years and
TSC between 16.5 and 21 years [8,12,22]. One study suggests a transition age starting at
14 years, which seems relatively early since, to our knowledge, most adult hospitals care
the earliest for patients above the age of 16 years [21]. If a model is practiced where the
transition takes place, most reports recommend starting the transition process slowly, about
1–2 years before the actual transition, to allow the patient to get used to the idea of a doctor
and/or hospital change and provide enough time to clarify uncertainties and questions in
advance [8].

4.5. Follow-Up Duration

Basically, a very long or lifelong follow-up is recommended for the mentioned patholo-
gies since long-term disease manifestations may occur [12,15,16].

Specifically, for patients with PBT, permanent medical surveillance with regular follow-
up is recommended to manage late side effects of treatment, detect recurrences early, or
assist in other medical and rehabilitative issues, to improve long-term survival and quality
of life [3]. Several studies highlighted that the potential long-term effects of treatment and
disease were numerous and included neurocognitive and neurological impairments, en-
docrinopathies, psychosocial problems, and secondary malignancies [3,16,25]. For example,
a study by Vinchon et al. showed that 82% of PBT survivors suffered from late effects of
the therapy or tumor recurrence after a median follow-up of 14.8 years, emphasizing the
importance of long-term follow-up. Most frequently, endocrine (44%) or cognitive (43%)
late effects occurred. Twenty-three percent of these patients had a progression of the initial
tumor, and 14% developed new tumors during the follow-up [14]. These data illustrate
and highlight the importance of sustained, long-term follow-up with medical connection
and social support throughout adulthood.

Our follow-up protocol for PBT patients during adulthood is usually over many years,
while when imaging has remained unremarkable and stable over at least 10 years, we
conclude clinical follow-up only every 5–10 years. Naturally, the follow-up regimen is
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adapted to the patient’s specific histological and molecular diagnosis or suspected diagnosis
(e.g., in the case of untreated low-grade gliomas) and the radiological results throughout
follow-up. Therefore, a general recommendation for the follow-up duration cannot be
given, and it is of utmost importance to discuss these patients within the scope of (pediatric)
neurooncological conferences throughout adulthood.

4.6. Follow-Up Diagnostics

For the follow-up regime in patients with PBT, the type of tumor and the extent of
resection influence which follow-up protocol and imaging intervals are performed. For
example, high-grade or partially resected tumors require more frequent follow-up than low-
grade or completely resected tumors [26,27]. Regarding long-term follow-up, guidelines
by the children’s oncology group exist [28]. To the best of our knowledge, there are no
prospective studies regarding different surveillance protocols in PBT.

For patients with neurocutaneous diseases such as NF1 and TSC, based on our
systematic literature review, no clear recommendation can be made regarding the type
of follow-up examinations and their frequency, as this was not the aim of our work.
However, there are guidelines, such as the French national guidelines regarding NF1
and the 2012 International Tuberous Sclerosis Complex Consensus Conference guidelines
regarding TSC, which recommend regular clinical and radiological controls, some of which
were also mentioned within the studies we included (Table 2) [29,30].

4.7. Future Directions of Transitional Care in Patients with PBT

Preferably, transitional care should be undertaken within the scope of specialized
transitional health care centers. Within these centers, ideally trained pediatric and adult
health care specialists provide long-term interdisciplinary care of these patients. In addition,
the staff would have specialized training in dealing with patients and relatives in the
transitional period and would optimally cover their needs.

Furthermore, we believe that more studies are necessary to investigate the needs of
patients and their relatives in the challenging transitional period. This could be completed,
for example, by collecting patient-reported outcome measures. Moreover, it seems that
there is not yet sufficient awareness within the affected communities (adult and pediatric
oncology, neurology, and neurosurgery) on the importance of careful and efficient transi-
tional care in patients with PBT. Interdisciplinary congresses or courses between pediatric
and adult health care specialists might be helpful in order to increase the awareness for
an effective transitional period and its challenges and help minimize the gap between the
adults and pediatric health care providers. Finally, more studies with long-term data from
patients with PBT, describing the risk of recurrence, rates of malignant transformation,
as well as the cognitive and social outcomes that occur during and after the transitional
period, are needed. Adult health care providers can be better prepared to care for such
complex patients when provided with these findings.

4.8. Limitations

This systematic review has several limitations. First, only two databases, namely
PubMed and Embase, were searched, and we included only reports in English. This
may have led to the omission of important studies. Second, besides PBT, NF1, and TSC,
other diseases, such as Sturge Weber and VACTERL association, were not included in
our analysis, although the transition is an issue also in these patients. However, since
these syndromes usually do not encounter PBTs, they were excluded from this analysis.
Furthermore, other medical disciplines are often confronted with transitional care. Indeed,
there is literature in these fields about transitional care, but within the focus of this study,
which was set primarily on neurosurgical patients with PBT, NF1, and TSC, these papers
were not considered. Third, due to the heterogeneous and scarce data, no definitive
recommendation can be made on the choice of transition model or follow-up diagnostics.
Fourth, due to the lack of data, no analysis of the appropriateness of the transitional models
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based on age and diagnosis could be made. Fifth, based on the included literature, the
distinction between the five transitional models we mentioned might be a simplification,
since some models can be overlapping leading to a “hybrid” of the mentioned models.

Nevertheless, to the best of our knowledge, this is the first systematic literature review
on the different transition models in patients with PBT and their challenges.

5. Conclusions

An efficient transitional model is essential for high-quality medical care of PBT patients
during adulthood. Patients and relatives often described this as an essential factor for a
good transition experience. The most often described model is the “adult caregiver model”,
however, based on the experience described by caregivers and reports by the patients and
their families, this model seems insufficient. For PBT, the “continued caregiver model” and
the “specialized clinic model” for neurocutaneous diseases seem appropriate and ideal.
Recommended guidelines on transitional models, the follow-up time and regime, and the
ideal age of transition cannot be given due to the paucity of the literature and the lack of
consensus amongst reports.

Supplementary Materials: The following supporting information can be downloaded at: https://
www.mdpi.com/article/10.3390/children9040501/s1, Figure S1: Search strings in pubmed and embase.

Author Contributions: F.E.: conceptualization, methodology, formal analysis, investigation, writing—
original draft, visualization. L.G.: conceptualization, writing—reviewing and editing. R.G.: writing—
reviewing and editing. J.S.: conceptualization, methodology, supervision, writing—reviewing and
editing. All authors have read and agreed to the published version of the manuscript.

Funding: This research received no external funding.

Institutional Review Board Statement: Not applicable.

Informed Consent Statement: Not applicable.

Data Availability Statement: The data presented in this study are available on request from the
corresponding author.

Conflicts of Interest: The authors declare no conflict of interest.

References
1. Tallen, G.; Resch, A.; Calaminus, G.; Wiener, A.; Leiss, U.; Pletschko, T.; Friedrich, C.; Langer, T.; Grabow, D.; Driever, P.H.; et al.

Strategies to improve the quality of survival for childhood brain tumour survivors. Eur. J. Paediatr. Neurol. 2015, 19, 619–639.
[CrossRef]

2. Gajjar, A.; Bowers, D.; Karajannis, M.; Leary, S.; Witt, H.; Gottardo, N. Pediatric Brain Tumors: Innovative Genomic Information Is
Transforming the Diagnostic and Clinical Landscape. J. Clin. Oncol. 2015, 33, 2986–2998. [CrossRef] [PubMed]

3. Sands, S.A.; Zhou, T.; O’Neil, S.H.; Patel, S.K.; Allen, J.; Cullen, P.M.; Kaleita, T.A.; Noll, R.; Sklar, C.; Finlay, J.L. Long-Term
Follow-Up of Children Treated for High-Grade Gliomas: Children’s Oncology Group L991 Final Study Report. J. Clin. Oncol.
2012, 30, 943–949. [CrossRef] [PubMed]

4. Armstrong, G.T.; Stovall, M.; Robison, L.L. Long-Term Effects of Radiation Exposure among Adult Survivors of Childhood
Cancer: Results from the Childhood Cancer Survivor Study. Radiat. Res. 2010, 174, 840–850. [CrossRef] [PubMed]

5. Ellenberg, L.; Liu, Q.; Gioia, G.; Yasui, Y.; Packer, R.J.; Mertens, A.; Donaldson, S.S.; Stovall, M.; Kadan-Lottick, N.;
Armstrong, G.; et al. Neurocognitive status in long-term survivors of childhood CNS malignancies: A report from the Childhood
Cancer Survivor Study. Neuropsychology 2009, 23, 705–717. [CrossRef]

6. Hudson, M.M.; Mertens, A.C.; Yasui, Y.; Hobbie, W.; Chen, H.; Gurney, J.G.; Yeazel, M.; Recklitis, C.J.; Marina, N.;
Robison, L.R.; et al. Health Status of Adult Long-term Survivors of Childhood Cancer: A Report From the Childhood Cancer
Survivor Study. JAMA: J. Am. Med. Assoc. 2003, 290, 1583–1592. [CrossRef]

7. Campbell, F.; Biggs, K.; Aldiss, S.K.; O’Neill, P.M.; Clowes, M.; McDonagh, J.; While, A.; Gibson, F. Transition of care for
adolescents from paediatric services to adult health services. Cochrane Database Syst. Rev. 2016, 4, CD009794. [CrossRef] [PubMed]

8. Bar, C.; Ghobeira, R.; Azzi, R.; Ville, D.; Riquet, A.; Touraine, R.; Chemaly, N.; Nabbout, R. Experience of follow-up, quality of
life, and transition from pediatric to adult healthcare of patients with tuberous sclerosis complex. Epilepsy Behav. 2019, 96, 23–27.
[CrossRef]

https://www.mdpi.com/article/10.3390/children9040501/s1
https://www.mdpi.com/article/10.3390/children9040501/s1
http://doi.org/10.1016/j.ejpn.2015.07.011
http://doi.org/10.1200/JCO.2014.59.9217
http://www.ncbi.nlm.nih.gov/pubmed/26304884
http://doi.org/10.1200/JCO.2011.35.7533
http://www.ncbi.nlm.nih.gov/pubmed/22355055
http://doi.org/10.1667/RR1903.1
http://www.ncbi.nlm.nih.gov/pubmed/21128808
http://doi.org/10.1037/a0016674
http://doi.org/10.1001/jama.290.12.1583
http://doi.org/10.1002/14651858.CD009794.pub2
http://www.ncbi.nlm.nih.gov/pubmed/27128768
http://doi.org/10.1016/j.yebeh.2019.04.027


Children 2022, 9, 501 11 of 11

9. Both, P.; Holt, L.T.; Mous, S.; Patist, J.; Rietman, A.; Dieleman, G.; Hoopen, L.T.; Vergeer, M.; de Wit, M.-C.; Heus, K.B.-D.; et al.
Tuberous sclerosis complex: Concerns and needs of patients and parents from the transitional period to adulthood. Epilepsy Behav.
2018, 83, 13–21. [CrossRef]

10. Roux, A.; Beccaria, K.; Blauwblomme, T.; Mahlaoui, N.; Chretien, F.; Varlet, P.; Puget, S.; Pallud, J. Toward a transitional care
from childhood and adolescence to adulthood in surgical neurooncology? A lesson from the Necker-Enfants Malades and the
Sainte-Anne Hospitals collaboration. J. Neurosurgery Pediatr. 2021, 28, 380–386. [CrossRef]

11. Thiele, E.A.; Granata, T.; Matricardi, S.; Chugani, H.T. Transition into adulthood: Tuberous sclerosis complex, Sturge-Weber
syndrome, and Rasmussen encephalitis. Epilepsia 2014, 55, 29–33. [CrossRef] [PubMed]

12. Van Lierde, A.; Menni, F.; Bedeschi, M.F.; Natacci, F.; Guez, S.; Vizziello, P.; Costantino, M.A.; Lalatta, F.; Esposito, S. Healthcare
transition in patients with rare genetic disorders with and without developmental disability: Neurofibromatosis 1 and williams-
beuren syndrome. Am. J. Med. Genet. Part A 2013, 161, 1666–1674. [CrossRef] [PubMed]

13. Vinchon, M.; Dhellemmes, P. The transition from child to adult in neurosurgery. Adv. Tech. Stand. Neurosurg. 2007, 32, 3–24.
[CrossRef] [PubMed]

14. Vinchon, M.; Baroncini, M.; Leblond, P.; Delestret, I. Morbidity and tumor-related mortality among adult survivors of pediatric
brain tumors: A review. Child’s Nerv. Syst. 2011, 27, 697–704. [CrossRef]

15. Ellenbogen, Y.; Yang, K.; Ajani, O. Transition of Care for Children with High-Grade Central Nervous System Tumors. J. Pediatr.
Neurol. 2020, 18, 301–306. [CrossRef]

16. Eshelman-Kent, D.; Gilger, E.; Gallagher, M. Transitioning Survivors of Central Nervous System Tumors: Challenges for Patients,
Families, and Health Care Providers. J. Pediatr. Oncol. Nurs. 2009, 26, 280–294. [CrossRef]

17. Evans, D.G.R.; Salvador, H.; Chang, V.Y.; Erez, A.; Voss, S.D.; Schneider, K.W.; Scott, H.S.; Plon, S.E.; Tabori, U. Cancer and Central
Nervous System Tumor Surveillance in Pediatric Neurofibromatosis 1. Clin. Cancer Res. 2017, 23, e46–e53. [CrossRef]

18. Heitzer, A.M.; Ris, D.; Raghubar, K.; Kahalley, L.S.; Hilliard, M.E.; Gragert, M. Facilitating Transitions to Adulthood in Pediatric
Brain Tumor Patients: The Role of Neuropsychology. Curr. Oncol. Rep. 2020, 22, 102. [CrossRef]

19. Janss, A.J.; Mazewski, C.; Patterson, B. Guidelines for Treatment and Monitoring of Adult Survivors of Pediatric Brain Tumors.
Curr. Treat. Options Oncol. 2019, 20, 10. [CrossRef]

20. Nicklin, E.; Pointon, L.; Glaser, A.; Sarwar, N.; Kwok-Williams, M.; Debono, M.; Velikova, G.; Boele, F.W. Unmet support needs in
teenage and young adult childhood brain tumour survivors and their caregivers: “it’s all the aftermath, and then you’re forgotten
about”. Support. Care Cancer 2021, 29, 6315–6324. [CrossRef]

21. Peron, A.; Canevini, M.P.; Ghelma, F.; di Marco, F.; Vignoli, A. Healthcare transition from childhood to adulthood in Tuberous
Sclerosis Complex. Am. J. Med. Genet. Part C Semin. Med. Genet. 2018, 178, 355–364. [CrossRef] [PubMed]

22. Rietman, A.B.; Van Helden, H.; Both, P.H.; Taal, W.; Legerstee, J.S.; van Staa, A.; Moll, H.A.; Oostenbrink, R.; Van Eeghen, A.M.
Worries and needs of adults and parents of adults with neurofibromatosis type 1. Am. J. Med. Genet. Part A 2018, 176, 1150–1160.
[CrossRef] [PubMed]

23. Greuter, L.; Guzman, R.; Soleman, J. Typical Pediatric Brain Tumors Occurring in Adults—Differences in Management and
Outcome. Biomedicines 2021, 9, 356. [CrossRef] [PubMed]

24. Greuter, L.; Guzman, R.; Soleman, J. Pediatric and Adult Low-Grade Gliomas: Where Do the Differences Lie? Children 2021,
8, 1075. [CrossRef]

25. Turner, C.D.; Rey-Casserly, C.; Liptak, C.C.; Chordas, C. Late Effects of Therapy for Pediatric Brain Tumor Survivors. J. Child
Neurol. 2009, 24, 1455–1463. [CrossRef]

26. Steinbok, P.; Hentschel, S.; Cochrane, D.; Kestle, J.R.W. Value of postoperative surveillance imaging in the management of children
with some common brain tumors. J. Neurosurg. 1996, 84, 726–732. [CrossRef]

27. Zaazoue, M.A.; Manley, P.E.; Al Mehdar, M.; Ullrich, N.J.; Dasenbrock, H.H.; Chordas, C.A.; Goumnerova, L.C. Optimizing
Postoperative Surveillance of Pediatric Low-Grade Glioma Using Tumor Behavior Patterns. Clin. Neurosurg. 2020, 86, 288–297.
[CrossRef]

28. Children’s Oncology Group. Long-Term Follow-Up Guidelines for Survivors of Childhood, Adolescent, and Young Adult
Cancers. 2018. Available online: www.survivorshipguidelines.org (accessed on 20 February 2022).

29. Bergqvist, C.; Network, N.F.; Servy, A.; Valeyrie-Allanore, L.; Ferkal, S.; Combemale, P.; Wolkenstein, P. Neurofibromatosis 1 French
national guidelines based on an extensive literature review since 1966. Orphanet J. Rare Dis. 2020, 15, 37. [CrossRef]

30. Krueger, D.A.; Northrup, H.; Krueger, D.A.; Roberds, S.; Smith, K.; Sampson, J.; Korf, B.; Kwiatkowski, D.J.; Mowat, D.;
Nellist, M.; et al. Frost, Tuberous Sclerosis Complex Surveillance and Management: Recommendations of the 2012 International
Tuberous Sclerosis Complex Consensus Conference. Pediatr. Neurol. 2013, 49, 255–265. [CrossRef]

http://doi.org/10.1016/j.yebeh.2018.03.012
http://doi.org/10.3171/2021.3.PEDS2141
http://doi.org/10.1111/epi.12722
http://www.ncbi.nlm.nih.gov/pubmed/25209083
http://doi.org/10.1002/ajmg.a.35982
http://www.ncbi.nlm.nih.gov/pubmed/23696535
http://doi.org/10.1007/978-3-211-47423-5_1
http://www.ncbi.nlm.nih.gov/pubmed/17907472
http://doi.org/10.1007/s00381-010-1385-6
http://doi.org/10.1055/s-0040-1716909
http://doi.org/10.1177/1043454209343209
http://doi.org/10.1158/1078-0432.CCR-17-0589
http://doi.org/10.1007/s11912-020-00963-2
http://doi.org/10.1007/s11864-019-0602-0
http://doi.org/10.1007/s00520-021-06193-x
http://doi.org/10.1002/ajmg.c.31653
http://www.ncbi.nlm.nih.gov/pubmed/30253036
http://doi.org/10.1002/ajmg.a.38680
http://www.ncbi.nlm.nih.gov/pubmed/29681082
http://doi.org/10.3390/biomedicines9040356
http://www.ncbi.nlm.nih.gov/pubmed/33808415
http://doi.org/10.3390/children8111075
http://doi.org/10.1177/0883073809341709
http://doi.org/10.3171/jns.1996.84.5.0726
http://doi.org/10.1093/neuros/nyz072
www.survivorshipguidelines.org
http://doi.org/10.1186/s13023-020-1310-3
http://doi.org/10.1016/j.pediatrneurol.2013.08.002

	Introduction 
	Materials and Methods 
	Results 
	Transition Models 
	Difficulties and Challenges from the Patient’s Perspective during the Transition Period, Transition Age, Follow-Up Duration 
	Pediatric Brain Tumor Patients 
	Neurofibromatosis Type 1 Patients 
	Tuberous Sclerosis Complex Patients 

	Discussion 
	Transition Models 
	Our Institution’s Transition Model 
	Difficulties and Challenges during Transition 
	Transition Age 
	Follow-Up Duration 
	Follow-Up Diagnostics 
	Future Directions of Transitional Care in Patients with PBT 
	Limitations 

	Conclusions 
	References

